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WR LPSURYH WKH SURGXFWLYLW\ RIPDQXIDFWXULQJ SURFHVVHV7KH
RSWLPLVDWLRQRIODERXULQWHQVLYHDUHDVHJPDQXDODVVHPEO\LV
FUXFLDO IRU WKH FRPSHWLWLYHQHVV RI KLJKZDJH FRXQWULHV $
YDULHW\ RI GLIIHUHQW PHWKRGV H[LVWV HJ WKH FRQFHSW RI OHDQ
PDQDJHPHQW RU FODVVLF SURGXFWLYLW\PDQDJHPHQW WR LQFUHDVH
SURGXFWLYLW\ DQG WKXV UHDOLVH FRPSHWLWLYHQHVV >@ 7KH
LPSOHPHQWDWLRQRIWKHVHPHWKRGVOHDGVWRHIILFLHQWSURFHVVHVDV
ZHOO DV FRQWLQXRXV LPSURYHPHQW DQG UHTXLUHV KLJK
FRPSHWHQFHV RI HPSOR\HHV >@ +HQFH LW LV XQLYHUVLWLHV¶
UHVSRQVLELOLW\ WR HGXFDWH VWXGHQWV DFFRUGLQJ WR WKHVH
UHTXLUHPHQWV 3URIHVVLRQDO NQRZOHGJH DV XVXDOO\ WDXJKW DW
XQLYHUVLWLHV YLD OHFWXUHV LV OLPLWHG DGHTXDWH IRU VHOIRULHQWHG
SUREOHP VROYLQJ LQ WKH LQGXVWU\ DQG WKXV RWKHU WHDFKLQJ
PHWKRGVDUHQHFHVVDU\WREXLOGXSSURIHVVLRQDOFRPSHWHQFH>@
,Q DGGLWLRQ QRQSURIHVVLRQDO FRPSHWHQFHV RI HPSOR\HHV HJ
VRFLDODQGFRPPXQLFDWLRQFRPSHWHQFHDUHJDLQLQJLPSRUWDQFH
LQWKHLQGXVWU\>@&ODVVLFDOWHDFKLQJPHWKRGVDVOHFWXUHVDUH
QRW GHVLJQHG IRU FRQYH\LQJ QRQSURIHVVLRQDO FRPSHWHQFHV WR
VWXGHQWV >@ 7KXV QHZ WHDFKLQJ DSSURDFKHV FRQYH\LQJ SUR
IHVVLRQDODQGQRQSURIHVVLRQDOFRPSHWHQFHVDUHUHTXLUHG
,Q DGGLWLRQ WR GLYHUVH FRPSHWHQFHV IDVW DGYDQFHV LQ
PDQXIDFWXULQJ WHFKQRORJ\ DQG KLJK FRPSOH[LW\ RI PDQX
IDFWXULQJ SURFHVVHV FDOO IRU LQWHUGLVFLSOLQDU\ NQRZOHGJH RI
HPSOR\HHV>@,QWKHFRQWH[WRILQGXVWULDODVVHPEO\LPSRUWDQW
ILHOGV RI NQRZOHGJH IRU HPSOR\HHV DUH SURGXFW GHVLJQ
LQGXVWULDOHQJLQHHULQJDXWRPDWLRQDQGURERWLFVWKDWKDYHWREH
SURYLGHG WR VWXGHQWV E\ LPSOHPHQWLQJ D KDQGVRQ OHDUQLQJ
HQYLURQPHQW
/HDUQLQJ IDFWRULHV UHSUHVHQW DQ HIIHFWLYH DQG HIILFLHQW
FRQFHSW IRU WKH WUDQVIHU RI NQRZOHGJH DQG FRQYH\LQJ
FRPSHWHQFHV >@ (VSHFLDOO\ LQ WKH DUHD RI PDQXIDFWXULQJ
SURFHVV RSWLPLVDWLRQ OHDUQLQJ IDFWRULHV RIIHU D ZHOOVXLWHG
KDQGVRQDSSURDFKIRUFRPSHWHQFHGHYHORSPHQW >@7KXV
VXSSOHPHQWLQJ WKH DSSURDFK RI OHDUQLQJ IDFWRULHV IRU
FRPSHWHQFH GHYHORSPHQW E\ LQWHUGLVFLSOLQDU\ NQRZOHGJH
HGXFDWHVVWXGHQWVDFFRUGLQJWRLQGXVWU\UHTXLUHPHQWV
,QWKHIROORZLQJWKHGHPDQGIRUDQGDGYDQWDJHVRIPRGHUQ
WHDFKLQJ PHWKRGV HJ OHDUQLQJ IDFWRULHV DQG KDQGVRQ
DSSURDFKHV LQ FRPELQDWLRQ ZLWK WKH WUDQVIHU RI LQWHU
GLVFLSOLQDU\NQRZOHGJHDUHSUHVHQWHG7KLVSDSHULQWURGXFHVDQ
LQWHUGLVFLSOLQDU\ KDQGVRQ OHDUQLQJ DSSURDFK IRU KLJKHU
HGXFDWLRQ LQ WKH ILHOG RI LQGXVWULDO DVVHPEO\ LQ WKH WZRVWHS
FRXUVH VHULHV ³,QGXVWULDO $VVHPEO\´ ,$ DW WKH ,QVWLWXWH RI
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WR GLIIHUHQWLDWH EHWZHHQ NQRZOHGJH DQG FRPSHWHQFH
&RPSHWHQFHUHODWHVWRWKHDELOLW\WRFRSHZLWKUHTXLUHPHQWVLQ
VSHFLILF VLWXDWLRQV >@ $V DQ H[DPSOH SURIHVVLRQDO FRP
SHWHQFH HQDEOHV HPSOR\HHV WR DSSO\ SURIHVVLRQDO NQRZOHGJH
IRU SUREOHP VROYLQJ LQ DQ LQGXVWULDO FRQWH[W >@ 7KXV
SRVVHVVLQJFRPSHWHQFHPHDQVEHLQJDEOHWRDSSO\NQRZOHGJH
&RPSHWHQFHV DUH GLYLGHG LQWR IRXU FODVVHV >@ SURIHVVLRQDO
DQGPHWKRGRORJLFDOVRFLDODQGFRPPXQLFDWLRQSHUVRQDODQG
DFWLYLW\FRPSHWHQFH
3URIHVVLRQDO DQG PHWKRGRORJLFDO FRPSHWHQFH UHIHUV WR
SUDFWLFDODQGPHWKRGRORJLFDO NQRZOHGJHDQGVNLOOV LQFHUWDLQ
VXEMHFWV DQG OHDGV WR WKH DELOLW\ RI VROYLQJ SUREOHPV LQ D
SURIHVVLRQDO ZRUNLQJ PRGH 6RFLDO DQG FRPPXQLFDWLRQ
FRPSHWHQFHPHDQV WKH DELOLW\RI DFWLQJ LQ D JURXS LQFOXGLQJ





'XH WR LQFUHDVHG FRPSOH[LW\ RI LQGXVWULDO ZRUN HQYLURQ




WHDFKLQJ DQG DFWLYH OHDUQLQJ PHWKRGV 3DVVLYH WHDFKLQJ LV
FKDUDFWHULVHGE\H[FDWKHGUD WHDFKLQJZKHUHRQHSHUVRQHJ
WKH SURIHVVRU OHFWXUHV D VXEMHFW DQG VWXGHQWV SDVVLYHO\





LQYROYHV VWXGHQWV LQ WKH OHDUQLQJ SURFHVV E\ JURXSZRUNV RU
OHDUQLQJ IDFWRULHV >@ 7KLV DFWLYH DSSURDFK FDQ IXUWKHU EH
GLYLGHG LQ FRPSLOLQJ PHWKRGV HJ SUREOHPEDVHG OHDUQLQJ
ZKLFK HQFRXUDJH WKH DFWLYLW\ RI VWXGHQWV DQG H[SORUDWLYH
PHWKRGV HJ FDVH VWXGLHV ZKLFK GHPDQG D JUHDW LQGHSHQ
GHQFHDQGUHVSRQVLELOLW\RIVWXGHQWV>@
7KH HIIHFWLYHQHVV RI OHDUQLQJ DQG OHDUQLQJ RXWFRPHV
VWURQJO\FRUUHODWHVZLWK WKH WHDFKLQJPHWKRG6WXGHQWV UHWDLQ
RQO\RINQRZOHGJHWDXJKWE\SDVVLYHH[FDWKHGUDWHDFKLQJ
EXW XS WR  IURP DFWLYH OHDUQLQJ PHWKRGV >@ :KLOH
SDVVLYH WHDFKLQJ FDQ EH HIIHFWLYH IRU SUHVHQWLQJ LQIRUPDWLRQ
HJSURIHVVLRQDONQRZOHGJHRULQWURGXFLQJDVXEMHFWDFWLYH
OHDUQLQJ PHWKRGV VXSSRUW WKH ORQJWHUP UHWHQWLRQ DQG
HPSOR\PHQWRILW7KHVHPHWKRGVKHOSVWXGHQWVWRGHYHORSWKHLU
RZQ SUREOHP VROYLQJ VNLOOV E\ VWLPXODWLQJ WKHLU LQWHUHVW LQ D
VXEMHFWDQGE\PRWLYDWLQJWKHPWRJHWDGHHSHUXQGHUVWDQGLQJ
RI LW >@ 0RUHRYHU PDQ\ VWXGHQWV DUH ÄYLVXDO OHDUQHUV³
SUHIHUULQJ DFWLYH YLVXDO DQG WDFWLOH LQVWHDG RI UHIOHFWLYH DQG
DXGLWRU\ WHDFKLQJ PHWKRGV >@ 7KHUHIRUH QHZ OHDUQLQJ
PHWKRGVDUHGHYHORSHGDQGDSSOLHGDWXQLYHUVLWLHV
:LOGW >@ GHVFULEHV FXUUHQW LPSURYHPHQW LQ KLJKHU
HGXFDWLRQ DV D ³6KLIW IURP 7HDFKLQJ WR /HDUQLQJ´ ZLWK WKH
IROORZLQJ FKDUDFWHULVWLFV VWXGHQWFHQWUHG OHDUQLQJ DFWLYH
OHDUQLQJ HQYLURQPHQWV OHDUQLQJ RXWFRPH RULHQWDWLRQ VHOI
RUJDQLVHG DQG DFWLYH OHDUQLQJ PRWLYDWLRQDO YROLWLRQDO DQG
VRFLDOLVVXHVRIOHDUQLQJDQGNQRZOHGJHDQGOHDUQLQJVWUDWHJLHV
DFTXLVLWLRQ
7KH GHILQHG FKDUDFWHULVWLFV FRUUHVSRQG WR WKH DSSURDFK RI
DFWLYH OHDUQLQJPHWKRGV ZKLFK WKHUHIRUH DUH ZHOO VXLWHG IRU
PRGHUQ WHDFKLQJ 3DUWLFXODUO\ OHDUQLQJ IDFWRULHV DV D QHZ
DFWLYHPHWKRGDUHGHGLFDWHGIRUFRQYH\LQJFRPSHWHQFHVDQG
PRYLQJWKH³WHDFKLQJOHDUQLQJSURFHVVFORVHUWRUHDOLQGXVWULDO
SUREOHPV´ >@ +HQFH WKH\ DUH D VXLWDEOH DSSURDFK IRU
FRQYH\LQJFRPSHWHQFHVUHTXLUHGIRULQGXVWULDODVVHPEO\'XH
WR WKH LPSRUWDQFHRI WKLV OHDUQLQJ DSSURDFK VHYHUDO OHDUQLQJ




/HDUQLQJ IDFWRULHVHQDEOH WHDFKHUV WRFRQYH\FXUULFXOXP¶V
FRQWHQWHJSURIHVVLRQDODQGPHWKRGRORJLFDONQRZOHGJHDQG
DGGLWLRQDOO\ GHYHORS VWXGHQWV¶ FRPSHWHQFHV KDQGVRQ >@
/HDUQLQJIDFWRULHVFRPELQHXQLYHUVLW\¶VOHDUQLQJHQYLURQPHQW
ZLWK UHDOLVWLF PDQXIDFWXULQJ SURFHVVHV LQ IRUP RI SK\VLFDO






HYDOXDWLRQ RI DOO SKDVHV RI SURGXFW HPHUJHQFH SURFHVV IURP
SURGXFWSODQQLQJDQGGHYHORSPHQWYLDPDQXIDFWXULQJSURFHVV
DQG ZRUN V\VWHP GHVLJQ WR ZRUN V\VWHP UHDOLVDWLRQ LV QRW
IRFXVHG E\ WKHVH OHDUQLQJ IDFWRULHV %HVLGHV VWXGHQWV¶
HGXFDWLRQOHDUQLQJIDFWRULHVDUHXVHGIRULQGXVWULDOWUDLQLQJLQ
LQGXVWU\DQGUHVHDUFK>@7KHFKDOOHQJHLQGHVLJQLQJOHDUQLQJ
IDFWRULHV LV FRQYH\LQJ FRPSHWHQFHV E\ VROYLQJ FXUUHQW




WHDFKLQJ IDFWRU\ SDUDGLJP 7KHUHE\ D UHDO PDQXIDFWXULQJ
V\VWHPZLWKWKHDVVRFLDWHGSUREOHPLVSUHVHQWHGWRVWXGHQWVLQ
D FODVVURRP YLD LQIRUPDWLRQ DQG FRPSXWHU WHFKQRORJ\ HJ
YLGHRFRQIHUHQFLQJDQGVWXGHQWVLQWHUDFWZLWKHQJLQHHUVLQUHDO
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
%DVHGRQWKHQHHGRIDVFLHQWLILFGHYHORSPHQW6WHIIHQHWDO
>@ GHYHORSHG D PRUSKRORJ\ WR FKDUDFWHULVH WKH GLGDFWLFDO
FRQFHSWLRQ DQG PHWKRGRORJLFDO GHVLJQ RI OHDUQLQJ IDFWRULHV
VHH )LJ  7KH PRUSKRORJ\ HQDEOHV WR FKDUDFWHULVH DQG
V\VWHPDWLFDOO\ LPSURYH H[LVWLQJ RU GHVLJQ QHZ OHDUQLQJ IDF
WRULHV>@




WKHLU SRWHQWLDO VSHFLILFDWLRQV HJ SHUVRQDO DQG DFWLYLW\
FRPSHWHQFH%\FKRRVLQJGLIIHUHQWVSHFLILFDWLRQVIRFXVRID
FRXUVH FDQ EH FKDQJHG DQG YDU\LQJ WHDFKLQJ DQG OHDUQLQJ
FRQFHSWVFDQEHGHYHORSHG
7KHILUVWWZRVHFWLRQVGHILQHWKHGLGDFWLFDOFRQFHSWLRQRIWKH
FRXUVH DV ZHOO DV WKH OHDUQLQJ IDFWRU\ DQG FKDUDFWHULVH
NQRZOHGJH DQG FRPSHWHQFHV FRQYH\HG WR VWXGHQWV >@
&RQWUDULO\ WKH ODVW WZR VHFWLRQV GHILQH WKH PHWKRGRORJLFDO
GHVLJQDQGGHVFULEH³KRZ´VWXGHQWVOHDUQ>@
7KH ILUVW VHFWLRQ OHDUQLQJ REMHFWLYHV FKDUDFWHULVHV WKH
WDUJHW RI WHDFKLQJ DQG OHDUQLQJ SURFHVVHV LQ WKH PHDQLQJ RI
GHYHORSHG FRPSHWHQFHV HJ SURIHVVLRQDO DQGRU SHUVRQDO
OHDUQLQJGLPHQVLRQIURPFRJQLWLYHWRSV\FKRPRWRUDVZHOODV
WD[RQRP\ OHYHO 7KH WD[RQRP\ OHYHO GHVFULEHV ZKHWKHU D
VWXGHQWUHPHPEHUVWDXJKWNQRZOHGJHOHYHO,RULVDQH[SHUW
DQG DEOH WR LQVWUXFW RWKHUV OHYHO 9 7KH VHFRQG VHFWLRQ
SURIHVVLRQDO OHDUQLQJ FRQWHQW FKDUDFWHULVHV WKH NQRZOHGJH
FRQYH\HG WR VWXGHQWV 3URIHVVLRQDO NQRZOHGJH LV SDUW RI WKLV
VHFWLRQ DV ZHOO DV RUJDQLVDWLRQDO IRFXV RI D PDQXIDFWXULQJ
FRPSDQ\GHVFULEHGDVZRUN V\VWHP OHYHO HJZRUNSODFHRU
YDOXHVWUHDPSKDVHRISURGXFWHPHUJHQFHSURFHVVDQGSURFHVV
W\SH(VSHFLDOO\WKHUHDOLVDWLRQRIIORZRUIL[HGVLWHSURGXFWLRQ
UHTXLUHV GLIIHUHQW OHDUQLQJ IDFWRU\ GHVLJQV 7KH WKLUG VHFWLRQ
GLGDFWLF OHDUQLQJ HQYLURQPHQW FKDUDFWHULVHV WKH GLGDFWLF
FRQFHSWRIWHDFKLQJDQGOHDUQLQJ7KLVVHFWLRQFRYHUVWKHUROH
RIVWXGHQWVDQGWHDFKHUVLQWKHOHDUQLQJSURFHVV7KHODVWVHFWLRQ
RUJDQLVDWLRQDO OHDUQLQJ HQYLURQPHQW FKDUDFWHULVHV WKH
RUJDQLVDWLRQDO IUDPHZRUN RI WKH FRXUVH LQ IRUP RI
FRPPXQLFDWLRQ DQG LQWHUDFWLRQ $ GHWDLOHG RYHUYLHZ RI WKH
PRUSKRORJ\LVSUHVHQWHGLQ6WHIIHQHWDO>@
7KH FRQFHSW RI D OHDUQLQJ IDFWRU\ KDV EHHQ VXFFHVVIXOO\




FRPSHWHQFH RI VWXGHQWV LV VXSSRUWHG E\ WKH LQFOXVLRQ RI
GLIIHUHQW FKDLUV DQGGLVFLSOLQHV ,Q WKH IROORZLQJZH H[SODLQ
DQG HYDOXDWH WKH FODVVLILFDWLRQ RI WKH FRXUVH VHULHV XVLQJ WKH
SUHVHQWHGPRUSKRORJ\
3. The interdisciplinary and hands-on industrial assembly 







VHPHVWHU LV UHSUHVHQWHG E\ LQWHUGLVFLSOLQDU\ OHFWXUH ,$ SDUW ,
ZLWK DFFRPSDQ\LQJ WXWRULDOV VHH )LJ  'XH WR WKH LQWHU
GLVFLSOLQDU\NQRZOHGJH LQ WKHFRQWH[WRI LQGXVWULDODVVHPEO\
,36DQG0(DUHFRRSHUDWLQJLQOHFWXUHVDQGWXWRULDOV
7KHILUVWVHFWLRQRI,$SDUW,LVH[HFXWHGE\0(DQGIRFXVHV




































FRPSHWHQFHLQ,( 6RFLDODQGFRPPXQLFDWLRQFRPSHWHQFH 3HUVRQDOFRPSHWHQFH $FWLYLW\FRPSHWHQFH
0HWKRGRORJLFDOFRPSHWHQFH 6\VWHPFRPSHWHQFH 3UREOHPVROYLQJFRPSHWHQFH7\SHRIFRPSHWHQFHLQ,(






























5HJXODWLRQRIDFWLRQ ,QIRUPDWLRQ 3ODQQLQJ 'HFLVLRQPDNLQJ ,PSOHPHQWDWLRQ &RQWURO (YDOXDWLRQ5HIOHFWLRQ
'HJUHHRIOHDUQHUV
DXWRQRP\ ,QVWUXFWHG 6HOIFRQWUROOHG 6HOIUHJXODWHG 6HOIGHWHUPLQHG 6HOIRUJDQL]HG






7HDFKLQJFRQFHSW /HFWXUH 7XWRULDO 3UDFWLFDOFRXUVH 6HPLQDU :RUNVKRS 7UDLQLQJFRXUVH &DVHVWXG\ 3URMHFWZRUN
7LPHIUDPH  òGD\ !ò±GD\ !±GD\V 0RQWKV !6HPHVWHU
7\SHRIOHDUQLQJ ([FDWKHGUDWHDFKLQJ ,QGLYLGXDOZRUN 3DUWQHUZRUN *URXSZRUN
6XEMHFWVSHFLILF
WKHRUHWLFDOLQSXW
6XFFHVVFRQWURO 6HOIDVVHVVPHQW (YDOXDWLRQE\JURXSPHPEHUV $VVHVVPHQWE\WHDFKHU 3HUIRUPDQFHREVHUYDWLRQ 3RUWIROLR 1RQH
3HUIRUPDQFH
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DQDO\VLV DQG GHVLJQ IRU DVVHPEO\ PHWKRGV 7KH VHFRQG DQG




DVVHPEO\ V\VWHPV ZLWK UHVSHFW WR HQGHIIHFWRU ZRUN SLHFH








UROH XVLQJ H[FDWKHGUD WHDFKLQJ W\SH RI VRFLDO OHDUQLQJ WR
FRQYH\NQRZOHGJHVWUXFWXUHGDQGWLPHHIILFLHQWLQWKHZHHNO\
OHFWXUHV 7KXV VWXGHQWV DUH LQVWUXFWHG OHDUQHU¶V GHJUHH RI
IUHHGRPDQGHYDOXDWHGDWWKHHQGRIWKHVHPHVWHULQDZULWWHQ
H[DP WR H[DPLQH WDXJKW NQRZOHGJH FRPSDUDEOH DQG
VWDQGDUGLVHG ,Q WKH ZHHNO\ WXWRULDOV WHDFKLQJ FRQFHSW
VWXGHQWVFRQGXFWDVXSHUYLVHGJURXSZRUNLQRUGHUWRGHHSHQ
DQG DSSO\ WKHRUHWLFDO NQRZOHGJH IURP WKH OHFWXUHV JUDGXDOO\
EXW VHOIFRQWUROOHG IRU GHYHORSPHQW RI SURIHVVLRQDO DQG







PHWKRGRORJLFDO FRPSHWHQFH ZLWK WKH WHDFKHU DV D IHHGEDFN
SURYLGHULQPLOHVWRQHPHHWLQJVWRVXSSRUWVWXGHQWVFRPSHWHQFH
GHYHORSPHQW 7KH SURMHFW JRDO LV WR SODQ WR GHVLJQ DQG WR
UHDOLVHDQHQWLUHLQGXVWULDODVVHPEO\V\VWHP7KHUHLVQR³JLYHQ
SDWK´ WKXV VWXGHQWV KDYH WR VROYH WKH WDVN ZLWK NQRZOHGJH
REWDLQHGIURP,$SDUW,DQGDGGLWLRQDOUHVHDUFK7KHUHIRUHWKH
OHDUQLQJ HQYLURQPHQW HQDEOHV VWXGHQWFHQWUHG OHDUQLQJEDVHG
RQUHDOLQGXVWULDOFKDOOHQJHV
7KH VXSHULRU SURMHFW WDVN LV GLYLGHG LQWR IRXU VXEWDVNV
GHVLJQ IRU DVVHPEO\ DQG SURGXFW DQDO\VLV VHOHFWLRQ RI
DVVHPEO\ PHWKRG SODQQLQJ RI WKH DVVHPEO\ V\VWHP DQG LWV
SUDFWLFDO UHDOLVDWLRQ LQ WKH PDQXDO RU DXWRPDWHG DVVHPEO\
V\VWHPV WUDLQLQJ HQYLURQPHQWRI ,36 ,Q WKH FRQWH[W RI WKHVH
WDVNVVWXGHQWVKDYHWRDSSO\PHWKRGVDQGDSSURDFKHVWDXJKWLQ
,$SDUW,DQGJDWKHUDGGLWLRQDONQRZOHGJHGXULQJWKLVSURMHFW
ZRUN ,Q RUGHU WR DVVLVW WKH JURXSZRUN SHUIRUPDQFH DQG WR
FKHFN SURJUHVV FRQVHFXWLYHO\ PLOHVWRQH PHHWLQJV ZLWK
VFLHQWLILFDVVLVWDQWVDUHKHOGDIWHUWKHVXEWDVNV±,QWKHIRXUWK
VXEWDVNVWXGHQWVSODQDQGLPSOHPHQWDQDXWRPDWHGRUPDQXDO




OHFWXUH EXW VHOIRUJDQLVHG JURXS ZRUN ZLWK VHOIFRQWURO RI
DFWLRQUHJXODWLRQRIDFWLRQDQGWKHWHDFKHUDFWVDVDIHHGEDFN
SURYLGHU WHDFKHU¶V UROH LQ PLOHVWRQH PHHWLQJV 7KH\ RIIHU




DQG VXEVWDQWLDWH WKHLU GHFLVLRQ )XUWKHUPRUH WKH KDQGVRQ
JURXSZRUNLPSOHPHQWLQJDQGH[HFXWLQJDQDVVHPEO\WDVNLQD
UHDODVVHPEO\V\VWHPVWUDLQLQJHQYLURQPHQWRI,36DGGUHVVHV
WKH FRJQLWLYH OHDUQLQJ GLPHQVLRQ %\ FRQGXFWLQJ D VHOI
RUJDQLVHG SURMHFWZRUN DV GHVFULEHG ,$ SDUW ,, UHIHUV WR DOO
FODVVHV RI FRPSHWHQFHV DIWHU 6WHIIHQ HW DO >@ ZKHUHDV ,$
SDUW, SULPDULO\ IRFXVHV RQ SURIHVVLRQDO DQG PHWKRGRORJLFDO
FRPSHWHQFHV VHH )LJ  &RQVHTXHQWO\ WD[RQRP\ OHYHO , LV
UHDFKHGIRU,$SDUW,ZKLOHOHYHO,,FDQEHGHWHUPLQHGIRU,$
SDUW ,, VLQFH VWXGHQWV GHHSHQ WKHLU XQGHUVWDQGLQJ DQG DSSO\
NQRZOHGJH VHOIRUJDQLVHG $W WKH HQG RI WKH VHPHVWHU WKH
SHUIRUPDQFH RI WKH JURXSZRUN LQ WKHPHDQLQJ RI LQGXVWULDO
DVVHPEO\ SODQQLQJ DQG LPSOHPHQWDWLRQ LV ILQDOO\ HYDOXDWHG
6WXGHQWV SUHSDUH D JURXS UHSRUW ZKLFK GRFXPHQWV FRQFHSWV
DQG UHVXOWV HODERUDWHG LQ JURXS ZRUN DQG KROG DQ RUDO





SDVVLYH OHDUQLQJ PHWKRGV WR HIIHFWLYHO\ GHYHORS VWXGHQWV¶
SURIHVVLRQDO DQG PHWKRGRORJLFDO FRPSHWHQFHV LQ WKH
LQWHUGLVFLSOLQDU\ ILHOG RI LQGXVWULDO DVVHPEO\ DV ZHOO DV





























































SURIHVVLRQDO DQG PHWKRGRORJLFDO NQRZOHGJH LQ ,$ SDUW ,
WXWRULDOVDOUHDG\LQWHJUDWHDFWLYHOHDUQLQJPHWKRGVHJJURXS
ZRUN ,Q RUGHU WR FRQYH\ SURIHVVLRQDO DQG PHWKRGRORJLFDO
FRPSHWHQFH WR VWXGHQWV WXWRULDO WDVNV DUH GHVLJQHG WR DSSO\
NQRZOHGJH FRYHUHG LQ OHFWXUHV0RUHRYHU LQ WKH FRQWH[W RI




,$ SDUW ,, IRFXVHV RQ GHYHORSLQJ QRQSURIHVVLRQDO
FRPSHWHQFHVDQGGHHSHQLQJSURIHVVLRQDODQGPHWKRGRORJLFDO




4. Planning and implementation of industrial assembly in 
assembly systems training environments of the IPS 
 7DVNRIWKH³,QGXVWULDO$VVHPEO\SDUW,,´





RQ WHFKQLFDO DQG HFRQRPLFDO DVVHPEO\ UHOHYDQW FULWHULD







WLPH FDOFXODWLRQ DQG DQ DVVHPEO\ SULRULW\ SODQ KDYH WR EH
FUHDWHG
$IWHUILQDOLVLQJGHVLJQRIWKHDVVHPEO\V\VWHPLWLVUHDOLVHG
LQ WKHDVVHPEO\V\VWHPV WUDLQLQJHQYLURQPHQWVRI ,36HLWKHU
ZLWK D URERW V\VWHP DQGPDWHULDO IORZ V\VWHPV LQ WKH 6WXG\
)DFWRU\ RU ZLWK LQGXVWULDO ZRUNSODFHV DQG DVVHPEO\ OLQH
PRGXOHVLQWKH,(7UDLQLQJ&HQWUHVHH)LJ7KHFRPSRQHQWV
RIDVVHPEO\V\VWHPVDUHPRGXODUDQGUHFRQILJXUDEOHLQRUGHU
WR DFKLHYH KLJKHU IOH[LELOLW\ RI WKH FRXUVH VHULHV HVSHFLDOO\
UHJDUGLQJSURGXFWYDULDQWVHJJHDUER[DQGFRUUHFWLRQUROOHU
DQG RXWSXW YROXPH +HQFH GLYHUVH DVVHPEO\ VFHQDULRV ZLWK






VXSSO\ V\VWHPFRQVLVWLQJRIDGRXEOHEHOW IHHGHU DYLEUDWLRQ
FRQYH\RU DQG RWKHU PDWHULDO VXSSO\ GHYLFHV $ D[LV URERW
V\VWHPDQGDVXSSO\V\VWHPDUHFRPELQHGWRDVHOIFRQWDLQHG
DVVHPEO\VWDWLRQVHH)LJD,QRUGHUWRFRQWURODQGWRSURJUDP
PDWHULDO VXSSO\ PRGXOHV DQG WKH URERW V\VWHP YLD
3URJUDPPDEOH /RJLF &RQWURO 3/& WKH 6WXG\ )DFWRU\ LV






&RQVLGHULQJ WKH VSHFLDO PRWLRQ DQG SURJUDPPLQJ PRGHV DV
ZHOO DV GLIIHUHQW HQG HIIHFWRU W\SHV VWXGHQWV KDYH WR SODQ D
SURJUDPVWUXFWXUHDQGHVWLPDWHF\FOH WLPH3URJUDPPLQJ WKH
URERWVPHDQV WHDFKLQJ WRROFHQWUHSRLQWSRVLWLRQVFRPELQLQJ





,Q RUGHU WR WUDLQ DQG GHYHORS VWXGHQWV¶ FRPSHWHQFH
UHJDUGLQJ WKH ILHOG RI LQGXVWULDO DVVHPEO\ WKH ,36 KDV
GHYHORSHG WKH ,(7UDLQLQJ &HQWUH IRFXVLQJ RQ PDQXDO
DVVHPEO\ ,WV H[SHULPHQWDO HQYLURQPHQWSURYLGHV VWXGHQWV RI
PHFKDQLFDO RU LQGXVWULDO HQJLQHHULQJ DQG ORJLVWLFV ZLWK
RSSRUWXQLW\WRGHHSHQDQGHQKDQFHWKHLUWKHRUHWLFDOO\DFTXLUHG
NQRZOHGJHLQWRFRPSHWHQFHDQGWRJDLQVXSHULRUXQGHUVWDQGLQJ
LQ GHVLJQLQJ VRFLRWHFKQLFDO ZRUN V\VWHPV 7KHUHIRU WKH ,(
7UDLQLQJ&HQWUHLVHTXLSSHGZLWKIOH[LEOHVLQJOHZRUNSODFHV
PRGXODU FKDLQHG XS DVVHPEO\ V\VWHPV IOH[LEOH SLSHZRUN
V\VWHPV IRU PDWHULDO DOORFDWLRQ PRGXOHV DQG GLIIHUHQW
DGGLWLRQDOWRROVHJHOHFWULFDOVFUHZGULYHUVPDWHULDOER[HVRI
GLIIHUHQW VL]H HQDEOLQJ VWXGHQWV WR ZRUN ZLWK DQ LQGXVWU\
VWDQGDUG DVVHPEO\ HQYLURQPHQW )XUWKHUPRUH DOO DVVHPEO\
ZRUNSODFHV DQG OLQH PRGXOHV DUH PRELOH DQG FDQ EH
FRPSOHPHQWHG ZLWK VHOIGHVLJQHG HTXLSPHQW HOHPHQWV DQG
GHYLFHV 6XPPDUL]HG WKH ,(7UDLQLQJ &HQWUH RIIHUV DQ
H[FHOOHQW HQYLURQPHQW IRU WKHRUHWLFDO SODQQLQJ DQG SUDFWLFDO




DVVHPEOHG LQPDQXIDFWXULQJ LQGXVWU\ ,QRUGHU WRDFFRPSOLVK
DOOQHFHVVDU\SODQQLQJVWHSV IRU LQGXVWULDODVVHPEO\ VWXGHQWV
KDYHWRFKRRVHDQDVVHPEO\SODQQLQJPHWKRGRORJ\HJ/RWWHU
PHWKRGRORJ\>@DQGDSSO\LWDIWHUZDUGV7KLVPHWKRGRORJ\
VKRXOG FRQWDLQ DOO UHTXLUHG SODQQLQJ VWHSV HJ SURGXFW)LJ3URGXFWVIRUDVVHPEO\LQ³,QGXVWULDO$VVHPEO\SDUW,,´
$XWRPDWHG DVVHPEO\ 0DQXDODVVHPEO\
7RUFK &DUPRGHO 7DEOHODPS 6FUHZ GULYHU
114   Fabian Nöhring et al. /  Procedia CIRP  32 ( 2015 )  109 – 114 

DQDO\VLV ZRUN SLHFH FDUULHU FRQVWUXFWLRQ GHWHUPLQDWLRQ RI
F\FOHWLPHDQGOD\RXWSODQQLQJ6WXGHQWVFRQGXFWWKHWDVNRI,$






VWXGHQWVDUHDEOH WRSODQDQG WRDSSO\DOO UHOHYDQWDVSHFWVRI
LQGXVWULDO DVVHPEO\ EHJLQQLQJ ZLWK WKH SURGXFW DQDO\VLV YLD
DVVHPEO\SODQQLQJXSWRWKHDVVHPEO\V\VWHPUHDOLVDWLRQ
7KH H[SHULHQFHV DQG WKH UHVXOWV RI WKH FRXUVH VHULHV
³,QGXVWULDO$VVHPEO\´FRQILUPUHOHYDQFHDQGLPSRUWDQFHRIWKH
HVWDEOLVKHG KDQGVRQ OHDUQLQJ DSSURDFK 7KH PDQXDO DQG





7KH UHDOLVHG LQWHUGLVFLSOLQDU\ DQG KDQGVRQ OHDUQLQJ
DSSURDFK UHSUHVHQWV DQ RXWVWDQGLQJ SRVVLELOLW\ WR LPSOHPHQW
DFWLYHOHDUQLQJPHWKRGVDQGWRLPSURYHOHDUQLQJHQYLURQPHQWV
DWXQLYHUVLWLHV$VDUHVXOWVWXGHQWVREWDLQWKHIRXUFODVVHVRI
FRPSHWHQFHV SURIHVVLRQDO DQG PHWKRGRORJLFDO VRFLDO DQG
FRPPXQLFDWLRQSHUVRQDODQGDFWLYLW\FRPSHWHQFHVZKLFKDUH
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/HUQNXOWXU LQ PRGXODULVLHUWHQ 6WXGLHQVWUXNWXUHQ ,Q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